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SPECIFICATION 
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1. Title of the Invention: 

An Exhaust Gas Treatment Apparatus 

2. Claims: 

1. An exhaust gas treatment apparatus consisting of a 
cylinder having a gas inlet port at one end and a gas outlet 
port at the other end, electrodes which are installed at 
intervals, a circuit to apply voltage to the gaps between 
the electrodes, and an insulating oxide catalyst located in 
the aforementioned cylinder, and in which the aforementioned 
electrodes contain a first electrode having a gas passage on 
the outer circumferential portion of the conductor and a 
second electrode having a gas passage on the inner 
circumferential portion of the conductor. 

2. The exhaust gas treatment apparatus as claimed in Item 
1 in which at least three electrodes are installed at 
intervals, and the first electrode and the second electrodes 
are arranged alternately, and the aforementioned voltage 
applied circuit include a switching circuit which switches 
the voltage between the one of the electrodes and the other 
electrodes at both ends of the aforementioned cylinder in 
order to apply and switch the voltage between the distanced 
electrodes . 

3. The exhaust gas treatment apparatus as claimed in Item 
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1 in which the aforementioned insulating oxidative catalyst 
is formed as a porous plate and is inserted between the 
aforementioned adjacent electrodes. 

4. The exhaust gas treatment apparatus as claimed in Item 
1 in which the aforementioned insulating oxidative catalyst 
is formed as a porous plate and is inserted between the 
aforementioned electrode and the aforementioned gas exhaust 
outlet port. 

5. The exhaust gas treatment apparatus as claimed in Item 
1 in which the aforementioned insulating oxidative catalyst 
is formed as an insulating support for the above-mentioned 
electrode . 

6. The exhaust gas treatment apparatus as claimed in Item 
1 in which the aforementioned conductor is plated with 
platinum. 

7. The exhaust gas treatment apparatus as claimed in Item 
1 in which the aforementioned spiral gas passages are formed 
in the spiral shape. 

8. The exhaust gas treatment apparatus as claimed in Item 
7 in which the aforementioned spiral gas passages face each 
other for each set of adjacent electrodes in the spiral 
direction . 
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Brief Explanation of the Invention 

This invention pertains to an apparatus for treating the 
exhaust gas containing sulfur compounds such as hydrogen sulfide 
which is a harmful bad odor component, mercaptans or sulfur 
dioxide, or nitrogen compounds such as ammonia and 
trimethylamine, in the spark discharge field. 

3. Detailed Description of the Invention 

This invention pertains to an apparatus which treats exhaust 
gas containing hydrogen sulfide which is a harmful and bad odor 
component, sulfur compounds such as mercaptans or sulfur dioxide, 
or nitrogen compounds such as ammonia and trimethylamine, in the 
spark discharge electrical field. 

As an exhaust gas treatment apparatus which introduces /38 

exhaust gas containing harmful and bad odor components to an 
electrical field where spark discharge is in operation in order 
to convert it to harmless gas by the electrochemical reaction 
with the coexisting gases, the applicant of this invention has 
disclosed various devices in the following patents: Patent 
Application No. Sho 55-11178 (Kokai Patent No. Sho 56-108511) and 
Patent Application No. Sho 55-34337 (Kokai Patent No. Sho 56- 
130208) . That is, a cylinder having a gas inlet port at one end 
and a gas outlet port at the other end is equipped with a first 
electrode in which a gas passage is formed at the outer 
circumferential part of the conductor body and a second electrode 
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in which a gas passage is formed at the inner circumferential 
part of the conductor body. While introducing an exhaust gas to 
be treated from the aforementioned gas inlet port and exhausting 
from the aforementioned gas exhaust outlet port via the 
aforementioned gas passages, various components in the 
aforementioned exhaust gas are converted to harmless gases by 
electrolytic dissociation, ionization and oxidation with 
coexisting oxygen when crossing the electrical field of discharge 
which is formed between the aforementioned electrodes. 

In the aforementioned treatment apparatuses, especially in a 
compact type apparatus (smaller diameter) , the exhaust gas 
treatment is carried out efficiently, whereas the treatment 
performance is reduced in a large-sized apparatus due to 
insufficient contact of the exhaust gas with the discharging 
spark . 

This invention was intended under the above-mentioned 
circumstance and its purpose is to provide an exhaust gas 
treatment apparatus without interference with treatment 
performance when a larger treatment apparatus is used by 
installing an insulating oxidative catalyst in the aforementioned 
cylinder of the exhaust gas treatment apparatus using the 
aforementioned discharge treatment. This invention will be 
explained in detail below by referring to the examples. 

Initially, examples shown in Figures 1 through 7 will be 
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explained. 

1 is a heat resistant insulated cylinder having a gas inlet 
port la at one end and a gas exhaust outlet port lb at the other 
end. 

2 through 5 represent four electrodes which are installed at 

intervals in cylinder 1. 2 and 4 are the first electrodes in 

which clockwise spiral gas passages are formed at the outer 
circumferential part of the conductor. These first electrodes 2 
and 4 consist of respective cylindrical conductors 2a and 4a; 
insulating oxidative catalysts 2c and 4c which are integrated 
into the outer circumferential part of the conductors 2a and 4a, 
which are supporting materials for the electrodes 2 and 4 against 
the cylinder and which contain clockwise spiral gas passages 2b 
and 4b in the internal circumferential part; and insulating 
materials 2d and 4d (insulating oxidative catalyst) which are 
integrated in the internal circumferential part of the conductors 
2a and 4a. 3 and 5 are the second electrodes in which anti- 

clockwise spiral gas passages are formed at the internal 
circumferential part of the conductors. These second electrodes 
3 and 5 consist of respective cylindrical conductors 3a and 5a; 
insulating materials 3c and 5c (insulating oxidative catalysts), 
which are integrated into the internal circumferential part of 
the conductors 3a and 5a and which have counterclockwise spiral 
gas passages 3b and 5b against the outer circumferential part; 
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and insulating oxidative catalysts 3d and 5d which are integrated 
into the outer circumferential part of the conductors 3a and 5a 
and which are supporting materials for the electrodes 3 and 5 
against cylinder 1. 

The respective electrodes 2 through 5 are installed at 
certain intervals in series so that the first electrodes 2 and 4 
and the second electrodes 3 and 5 are arranged alternately. As a 
result, the gas passages 2b through 5b are installed in an 
opposite direction for each set of electrodes. 

The conductors 2a through 5a have been treated by platinum 
plating on the surface of steel or copper. The catalysts 2c 
through 5c and 2d through 5d are made of the following 
combinations: crystalline clay minerals, zinc oxide and manganese 
oxide, or crystalline clay minerals and zinc oxide, or 
crystalline clay minerals and manganese oxide. As the 
aforementioned crystalline clay minerals, clay minerals, except 
for amorphous allophone, are applicable. Generally, commercial 
kaoline, montmorillonite and zeolite are desirable. As for zinc 
oxide, its purity is not particularly required. Generally, 
commercial ZnO is used. As manganese oxides, general oxides, 
such as Mn0 2 and Mn 2 0 2 , can be used, but these oxides can contain 
small amounts of impurities. When preparing a catalyst by 
combining the aforementioned three components, metal oxides (as 
ZnO and Mn0 2 ) in an amount of 20wt% or greater and crystalline 
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clay minerals in an amount of 80wt% or less are combined and 
respective catalysts 2c through 5c and 2d through 5d are formed 
in the respective shapes and sintered at a temperature ranging 
from 200 to 600°C. 

C is a circuit which applies voltage between one of the 
electrodes (electrode 2 at the side of the inlet port la in this 
example) and the other electrodes 3 through 5 at both ends of 
cylinder 1 among the electrodes 2 though 5. A configuration of 
this circuit C will be explained below. 

10 is a commercial alternate current source. 

11 is an ascending voltage transformer, which is a leakage 
transformer at the primary side of 100V and at the secondary side 
of 18000V. 

12 is a main switch. 

13 is a time-lag relay in which 13b is a contact point b of 
the time-lag return, and the time-lag operation time is set to a 
few seconds. 

14 is also a time-lag relay in which 14a is its contact 
point a of the time-lag operation and 14b is its contact point b 
of the time-lag return. Its time-lag operation time is set to a 
value doubled from the time-lag operation time for the relay 13. 

15 is a current detector. /39 

16 is a relay in which 16b is its contact point b. 

17 is a counter circuit which consists of 17a through 17e 
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which is explained below. 

17a is a counter which generates an output for a high level 
when a high level input is input four times. 

17b is a signal conversion circuit. This is a known circuit 
which rectifies the alternate current signal input in order to 
convert it to an appropriate direct current signal as the input 
of the counter 17a by adjusting the level. 

17c is a relay circuit. This is a circuit with a known 
configuration in order to close the passage in the return passage 
from the relay 16 by high level output from the counter 17a. 

17d is an initial set circuit which is a known circuit in 
order to reset the counter 17a to a state of a no-count when the 
source to the counter circuit 17 is disconnected once and then 
reconnected again. 

17e is a power source circuit which is a known circuit in 
order to rectify the alternate current source input to the 
counter circuit 17 and to acquire a direct current once which 
matches the operation of the counter 17a by adjusting the level. 

18 is a relay in which 18a is its contact point a and 18b is 
its contact point b. 

19 is a solenoid (always-projected type), and 20 is an 
always-open switch which is coordinated with the solenoid 19. 

21 is also a solenoid (always-projected type) and 22 is an 
always-open switch which is coordinated with the solenoid 21. 
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The above-mentioned 10 though 22 are configured as shown in 
Figure 1 to form a circuit C. 

The respective solenoids 19 and 21 are connected to the 
switches 20 and 22 as shown in Figures 6 and 7. Each 
configuration consists of a lever 20b or 22b having a long hole 
20a or 22a which is supported by the perpendicular axis 20c or 
22c on the horizontal plate F, and the rod 19a or 21a of the 
respective solenoid 19 or 21 is attached at 19b or 21b through 
the long hole 20a or 22a. A male terminal 20d or 22d is 
projected at the other end of the lever 20b or 22b and the 
corresponding female terminal 20e or 22e is projected on the 
plate F. An insulating plate 23 or 24 (an asbestos plate in this 
example) is hung from the horizontal axis 23a or 24a within the 
rotary area of the lever 20b or 22b. Due to the force of the 
springs which are built-in in the solenoids 19 and 21, the levers 
20b and 22b are located at the solid line in Figures 6 and 7, and 
each of the terminals 20d or 20e and 22d or 22e are both in an 
open state. In addition, the insulating plates 23 and 24 are 
hung to shut down the gap between the terminals 20d and 20e or 
the gap between the terminals 22d and 22e. 

The relays 13 and 14, including their contact points 13b and 
14b, solenoids 19 and 21 and coordinating switches 20 and 22, 
configure a switching circuit S which sequentially switches and 
applies voltage between one of the electrodes (electrode 2 in 
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this example) and the other electrodes 3 through 5 at both ends 
of the cylinder 1: initially between the electrodes 2 and 3, 
subsequently between the electrodes 2 and 4, and finally between 
the electrodes 2 and 5. 

The actions of this example will be explained below. 

When an exhaust gas to be treated is introduced from the gas 
inlet port la, the exhaust gas passes through cylinder 1 in the 
direction of the arrow in Figure 1 via the spiral passages 2b 
through 5b to be exhausted from the exhaust outlet port lb. 

Since the spiral directions of the passages 2b though 5b are 
opposite to each other (left-right-left) , the exhaust gas is 
circulated in the opposite direction whenever passing the 
passages 2b through 5b. 

When the switch 12 in the circuit C is turned on, relays 13 
and 14 and solenoids 19 and 21 are operated. The rods 19a and 
21a in both solenoids 19 and 21 are sunk against the spring 
force, and the levers 20b and 22b are turned around the axis 20c 
and 22c to the positions of the two-dotted lines in Figures 6 and 
7 so that the terminal 20d is connected to the terminal 20e and 
the terminal 22d is connected to the terminal 22e, respectively, 
and both switches 20 and 22 are closed. In this case, both 
terminals 20d and 22d or levers 20b and 22b are in contact with 
the insulating plates 23 and 24 and press down the insulating 
plates 23 and 24 around the axis 23a and 24a as indicated by the 


11 



two-dotted lines in Figure 7. As a result, high voltage is 
applied between the conductors 2a and 3a, between 2a and 4a and 
between 2a and 5a, causing discharge partially on the facing" 
surfaces from the conductors 2a and 3a. As the aforementioned 
exhaust gas flows out clockwise in a spiral shape through the 
passage 2b of the electrode 2, the point of discharge is turned 
clockwise in a spiral shape so that discharge is carried out on 
the entire circumferential surface against the conductors 2a and 
3a to form a clockwise spiral flame curtain of discharge sparks. 
For this reason, the exhaust gas coming out of the passage 2b 
definitely crosses from the outside to the inside through the 
aforementioned flame curtain to enter the passage 3b of the 
electrode 3. Meanwhile, various components in the exhaust gas 
are electrolytically dissociated or ionized to carry out a 
gaseous discharge reaction. 

After passing the time-lag operation time of the relay 13 
(a few seconds), the contact point 13b becomes open. The 
solenoid 19 is in a non-operational state, and the rod 19a is 
projected due to the spring force within the solenoid 19 so that 
the lever 20b is turned to the position indicated by the solid 
line in Figures 6 and 7 to open the switch 20. In this case, the 
insulating plate 23 is hung down as indicated by the solid line 
in Figures 6 and 7 due to its own gravity to disconnect the 
connection between the terminal 20 and 20e. Therefore, there is 


no discharge between the terminals 20d and 20e due to high 
voltage . 

Subsequently, when the aforementioned switch 20 becomes 
open, discharge occurs between conductors 2a and 4a in a manner 
similar to that described above due to the application of high 
voltage. However, due to the presence of electrode 3 between 
electrodes 2 and 4, discharge occurs on the entire surface which 
[illegible] the conductors 2a and 3a and 3a and 4a, which 
constitute the electrodes similarly to that described above 
between electrodes 2 and 3 and between electrodes 3 and 4, 
respectively, forming flame curtains. Since the point of 
discharge between conductors 3a and 4a is in a counterclockwise 
spiral form, the flame curtain is also formed in a 
counterclockwise spiral form. As a result, the exhaust gas 
coming out of passage 3b of electrode 3 crosses from the inside 
of the counterclockwise spiral curtain to the outside between 
conductors 3a and 4a to enter passage 4b of the electrode 4. The 
components of the exhaust gas which have not undergone the 
reactions between electrodes 2 and 3 are electrolytically 
dissociated and ionized between electrodes 3 and 4 . 

Subsequently, after passing the time-lag operation time of 
the relay 14 (after a few seconds after the time-lag operation 
time of the relay 13) , the contact point 14b becomes open, and 
the solenoid 21 is in a non-operational state, the rod 21a is 
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projected due to the spring force in the solenoid 21 so that the 
lever 22b is turned to the position indicated by the solid line 
in Figures 6 and 7 to open switch 22. Due to gravity of the 
insulating plate 24, it hangs down as indicated by the solid line 
in Figure 7 to disconnect the connection between terminal 22d and 
22e. No discharge occurs between terminal 22d and 22e due to 
high voltage. 

When the aforementioned switch 22 becomes open, discharge 
occurs between conductors 2a and 5a in a manner similar to that 
described above only due to the high voltage applied between 
electrodes 2 and 5. However, due to the presence of electrodes 3 
and '4 between electrodes 2 and 5, discharge occurs along the 
entire circumferencial area facing the conductors 2a, 3a, 4a and 
5a which constitute these electrodes between electrodes 2 and 3, 

3 and 4, 4 and 5 to form respective flame curtains. Since the 
point of discharge between conductors 4a and 5a is in a clockwise 
spiral form, the flame curtain is also in a clockwise spiral 
form. As a result, the exhaust gas coming out of passage 4 of 
electrode 4 crosses from the outside of the clockwise flame 
curtain to the inside between conductors 4a and 5a to enter 
passage 5b of electrode 5 so that the exhaust gas components 
which have not yet undergone reactions between electrodes 2 and 3 
and 3 and 4 are electrolytically dissociated and ionized between 
electrodes 4 and 5. 
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As described above, the exhaust gas is sequentially 
introduced into the spark discharge field so that the components 
in the exhaust gas are definitely dissociated and ionized due to 
satisfactory contact with discharge sparks. As a result, the 
gaseous discharge reactions are carried out very efficiently. In 
addition, the spiral directions of the exhaust gas are reversed 
whenever passing through passages 2b through 5b, the exhaust gas 
is in contact satisfactorily with discharge sparks so that the 
aforementioned dissociation and ionization are carried out very 
efficiently. 

After passing the time-lag operation time of the relay 14, 
the contact point 14a becomes closed, and the relay 18 is 
operated due to the output detected by the detector 15 so that 
the contact point 18a is closed and the relay 18 is retained 
self-sufficiently. On the other hand, the contact point 18b is 
closed, and the electrical passages to the relays 13 and 14 are 
disconnected. 

If the discharge is stopped due to the disturbance of the 
aforementioned flame curtain due to the changes in the gas flow 
rate and other factors, the detection output of the detector 15 
disappears so that relay 18 is in a non-operational state. For 
this reason, contact point 18b becomes closed, and relays 13 and 
14 are operated again to restart discharge as described 
previously. 
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When the initial discharge is carried out, the detection 
output of detector 15 is input to counter 17 and counter 17a 
starts the first count and continues to the second count when the 
discharge is restarted after stopping the discharge. When 
discharge is stopped, the operation to restart discharge is 
carried out as described previously, and counter 17a counts the 
third count. When the discharge is stopped after the operation 
to start the third discharge, the detection output of the 
detector 15 disappears, and relay 18 is in an non-operated state 
so that the contact point 18b is closed and the relays 13 and 14 
are operated and the detector 15 detects the fourth curent 
detection. When this output is input to the counter circuit 17, 
the counter 17 receives the fourth input. For this reason, the 
counter 17a counts the fourth count and provides a high level 
output to the the relay circuit 17c so that the relay circuit 17c 
gives an output to the relay 16 to change the relay 16 to be in a 
non-operatonal state. As a result, the contact point 16b is 
closed, and the main portion of the circuit C is in a non-current 
passing state and the automatic discharge starting operation is 
no longer in operation. 

After the switch 12 is turned off, the cause for stopping 
the discharge is determined, and after the appropriate treatment, 
the switch 12 is turned on again. As a result, the counter 
circuit 17 is returned to a clear state due to the operation of 
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the initial reset circuit 17d, so that the circuit C starts 
operating the discharge operation. 

The sulfur atoms which are ionized by the aforementioned 
discharge are bound to the coexisting oxygen atoms to form sulfur 
trioxide. The nitrogen atoms are discharged from the exhaust 
port lb in the form of nitrogen gas. When treating the exhaust 
gas containing sulfur compounds as harmful and bad odor 
components, the sulfur trioxide produced is easily bound to water 
to form sulfuric acid. If the gases exhausted from the exhaust 
port lb are washed with water, they can be discharged as harmless 
gases. If only nitrogen compounds are present, they can be 
discharged directly into the atmosphere. 

During the aforementioned discharge process, the temperature 
of the cylinder 1 increases due to its heat energy so that the 
catalysts 2C through 5c and 2d through 5d are also heated. For 
this reason, the decomposition reaction rates due to the presence 
of the catalysts are enhanced, so that oxidation of the exhaust 
gases is satisfactory accelerated. Therefore, if the entire 
apparatus becomes a large-sized one and the diameters of the 
conductors 2a through 5a become larger, the contact of the 
exhaust gas with the discharge sparks is interfered with so that 
the exhaust gases are not treated sufficiently by using the 
discharge sparks, and untreated gases may be exhausted from the 
exhaust outlet lb. This ratio of the untreated gases slightly 
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increases, but since the oxidation actions of the aforementioned 
catalysts are added, the exhaust gases are completely treated and 
exhausted from the exhaust gas outlet lb. Since the conductors 
2a through 5a are plated with platinum, the oxidation action of 
the exhaust gases is further accelerated so that the exhaust gas 
treatment becomes further completed. 

Experimental examples will be explained below. The inner 
diameter of the cylinder 1 was 100mm; the outer diameter of the 
respective conductors 2a through 5a was 60mm and the inner 
diameter was 56mm, and a platinum plated copper cylinder was 
used. The cross-sectional area of the passages 2b and 4b was 
96mm 2 and the number of channels was 12. The cross-sectional 
area of the passages 3b and 5b was 16mm 2 and the number of 
channels was 6. The distances between the electrodes were as 
follows: a distance between the electrodes 2 and 3: 28mm, 
distance between the electrodes 3 and 4: 24mm, and distance 
between the electrodes 4 and 5: 12mm. The other conditions were 
as follows: voltage applied: 18000V, discharge voltage: 6000V, 
discharge current: 80mA, exhaust gas flow rate: 7.5Nm 2 /h. The 
following represents the results of the treatments. 

Experiment 1 

In the case of air containing hydrogen sulfide 1000PPM, no 
hydrogen sulfide was detected in the exhaust gas from the exhaust 
outlet port lb. 
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The solution after washing the aforementioned exhaust gas 
with water and the washings after cleaning the cylinder after the 
experiment were combined. According to the analysis, the 
presence of sulfuric acid in an equivalent amount to the hydrogen 
sulfide treated was confirmed. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of hydrogen sulfide was 
approximately 97%. 

Experiment 2 

In the case of air containing mercaptan 1000PPM, no 
mercaptan was detected in the exhaust gas. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of mercaptan was approximately 
98%. 

Experiment 3 

In the case of air containing sulfur dioxide 1200PPM, no 
sulfur dioxide was detected in the exhaust gas. 

The solution after washing the aforementioned exhaust gas 
with water and the washings after cleaning the cylinder after the 
experiment were combined. According to the analysis, the 
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presence of sulfuric acid in an equivalent amount to the sulfur 
dioxide treated was confirmed. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of sulfur dioxide was 
approximately 92%. 

Experiment 4 

In the case of air containing ammonia 11.0%, no ammonia was 
detected in the exhaust gas. 

According to the analysis of the exhaust gas, an increase in 
nitrogen which was equivalent to the amount of ammonia treated 
was confirmed. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of ammonia was approximately 95%. 
Experiment 5 

In the case of air containing trimethylamine 300PPm, no 
trimethylamine was detected in the exhaust gas. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of trimethylamine was 





approximately 98%. 

Experiment 6 

In the case of carbon dioxide gas containing hydrogen 
sulfide 2.5% and nitrogen 0.5% (the exhaust gas flow rate was 
3.0Nm 2 /H), no hydrogen sulfide was detected in the exhaust gas. 

The solution after washing the aforementioned exhaust gas 
with water and the washings after cleaning the cylinder after the 
experiment were combined. According to the analysis, the 
presence of sulfuric acid in an equivalent amount to the hydrogen 
sulfide treated was confirmed. 

When the same experiment was conducted without platinum 
plating for the conductors 2a through 5a and using simple 
insulating materials instead of the catalysts 2c through 5c and 
2d through 5d, the removal rate of hydrogen sulfide was 
approximately 97%. 

Regarding the examples shown in Figures 8 and 9, the 
differences from those in the examples shown in Figures 1 through 
7 will be explained. 

In this case, the parts 2c through 5c and the parts 2d 
through 5d were made of common insulating materials, such as 
ceramics instead of catalysts. Instead a disk 25 (a porous plate) 
having numerous pores 25a with the same constitution as that of 
the oxidative catalyst used in the previous examples was formed. 
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and this disk 25, which was an insulating oxidative catalyst, was 
inserted into the space between the electrodes 4 and 5 as shown 
in Figure 8 and also into the space between electrode 5 and the 
exhaust outlet port lb. 

Therefore, the exhaust gas which was not treated by spark 
discharge could be oxidized by the catalyst in the porous plate 
25. In this case, the porous plate 25 was set in the space at 
the highest temperature between the electrodes 4 and 5 and also 
in the space between the electrode 5 and the exhaust outlet port 
lb so that the catalytic decomposition reactions were carried out 
very actively. 

Since other constituent actions are the same as those 
described previously, their explanations are omitted. 

Those, which were explained above, were all examples so that 
is not necessary for the number of electrodes 2 through 5 to be a 
total of four. If there are two electrodes between 2 through 5, 
that is also sufficient. In the examples shown in Figures 8 and 
9, the porous plate 25 between the electrodes 4 and 5 can be 
removed, or the porous plate 25 between the electrode 5 and the 
exhaust outlet port lb can be removed. Of course, the 
substitutions with equivalent materials in the same constitution 
are also included in this invention's scope of technology. 

As was described previously, the majority of the exhaust gas 
introduced into the discharge field is mostly dissociated and 
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ionized by contact with discharge sparks and then oxidized with 
the coexisting oxygen to be converted to harmless gases. In 
addition, the residual exhaust gas components, which have not yet 
been treated by discharging, can also be oxidized in the presence 
of oxidative catalysts 2c through 5c, 2d through 5d and 25, which 
were heated due to heat energy during the discharging process and 
can be easily oxidized to harmless gases. 

Brief Explanation of the Attached Figures 

Figures 1 through 7 show an example of this invention. 

Figure 1 is an explanatory longitudinal cross-sectional overall 
view of the key portion. Figure 2 is a slanted view of the 
cross-sectional view cut along the line II-II in Figure 1. 

Figure 3 is a longitudinal slanted view of an insulating 
supporting material in Figure 2. Figure 4 is a slanted cross- 
sectional view cut along the line IV-IV in Figure 1. Figure 5 is 
a slanted view of an insulating material shown in Figure 4. 

Figure 6 shows plane views of a switch and its surrounding areas 
of the switching circuit in the voltage applied intermediate 
circuit. Figure 7 is a cross-sectional slanted view along the 
line VII-VII of a portion shown in Figure 6. Figures 8 and 9 
show another example of this invention. Figure 8 is a 
longitudinal cross-sectional view of the key portion. Figure 9 
is a cross-sectional slanted view along the line IX-IX in Figure 
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In the figures, the symbols represent the following parts: 

1: Cylinder 

la: Gas inlet port 

lb: Gas outlet port 

2, 4: Respective first electrodes 

3, 5: Respective second electrodes 

2a through 5a: Respective cylindrical conductors 
2b through 5b: Respective gas passages 

2c, 4c: Respective insulating supports (insulating oxidative 
catalysts in Examples of this invention) 

2d, 4d: Respective insulating materials (insulating oxidative 
catalysts in Examples of this invention) 

3c, 5c: Respective insulating materials (insulating oxidative 
catalysts in Examples of this invention) 

3d, 5d: Respective insulating supports (insulating oxidative 
catalysts in Examples of this invention) 

C: Voltage applied circuit 

S : Switching circuit 

20, 22: Respective switches 

23, 24: Respective insulating plates 

23a, 24a: Respective horizontal axes /43 

25: Porous plates (insulating oxidative catalyst) 
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plasma-chemical etching operation of silicon 
substrates in the micro-electronic indust ry/ are 
cleaned by passing them in an evacuated container 
over a reactant material in presence of an inert 
gas, fi plasma is maintained between container and 
reactant material so that the latter is heated and 
its contact surfaces are constantly renewed. 

RDVRNTAGE - This requires less energy and less 
maintenance to clean the waste gases more 
eff ic ient I y . ( 0/ I ) 
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2 c, 4 c t , Wm2 a, 4 

2d, 4dt J^tflJfcSftTi'S, ttcZisAV , 
5 w, t awwanM ak /at t> *) nmmko 
^xawi£®i®L/wSB2^<4iT*‘j, •en-t'tif 1 ] 
?<ftK i 9itltt3 a, 5 at, wfi«'><9fg{4 : 3 a, 5 
a onMtti: -ttc&tt *ti, FiUi : tat b <0 
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attffi&0>#xj§2S3b, 5 b£«a*lfclfeliM* 
3 , 5ct, 9^3a, 
5 a <7>fl/fl6Bi:: -{*!;:&»* ®1 KftfSfg 

«3. 5^r#«'ei*Sl6llttltt<b*«««:3 
d, 5 d t «**)toJ®aFttTfc'5. 

£LT&«iS2-5MU miiES 2, 4t*2 
®S3» 5 t^SfSKKfiJitiSJf), $1610) 
«* * *=■ -*$miiH £ * oTilflittfcta!# 4 > tir 
*. fcoT*&iKlttKffxai82 b^5 btt, R& 
i i’S®nirticKwifii£»:aa:ie5nT(.'si tic 

4- So 

*4MMH*2 a ~ 5 a 12, 
^0nKP&j‘7*3ttTi.'S o £fc&«i$f*2 c 

-5cis«J:lF2d~5dMU c axttflTMu & 

**'«» *a.a!m-±i£&t»{biiift, **:«»* 
f5tt±fit^t»(b^>/f>TWi$J4iTC'So ffl 
MMiftBttiJifllt L TMU ll^fTT-* ST n 7 
x> £P4H'*:tt±l£®Jd*fflC'*?>ns^, -»Wiz 
iifiJBS^)*^ 0 >, 

ifcSfbffiUFt LTMt, 1^i3£<D 
Wlff£©#itlS4»<7)Ttt4*<, fti®<7)ZnOA<ffl 
(.' £ tl So iF JC fir (b v > > t L T MU 

MnO*, MmQi’irt'afif^lSKbllJ^IHt'^ns 

AU J:(>'o £ 

l T^Atf iwids 3 ton £s& l xtmimmti 
lc*fcor?i, (ZnO, MnO* t L 

T) £20^S%ii(.h, »,am i i±fii:«j80®®%W 
r-cjg^aFn, 2c-5c*,«kV2d- 

5dli, £n£*n<7)®lAlwJ®^3Fn, 200~600*C 

trtttt' a? tirmuts tin ' s. 

C(i, W 1 

tl* -fjvoim (^i&MT-tt^AP i affli^tea 
2) t£W(fe<7)fE«3-5tW|8IirmE£0lttl-r 

S-«< Lfctwl*i-l?*So «TCO>liil28C<7)|»l$£ 
3tti!8TS. 

1 0(iffiffl3?jjtt5U«T*.So 
1 1 Mt#ff h ^ > XT** »9, -^MIOOV, “ 
»:ill8000V<7) y - T - *J b 9 > XT*So 
1 2*iiX-f 7f-T*S, 

1 3»ittUr$«t^3g, 1 3 bM£<7)|RB$ia«3ob 

^T-*<5, £^RB*!»fmf8!ttaWca$jn 
S. 

1 4 tlKffttrtiig, 1 4 a Mt£0)|RI>ttftf|:O a 
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1 -t 

1 3 2 

fa\zm£.atiz* 

1 5tt®SKfttH3&X*S. 

1 Btt'J i/-rfc»K 1 6 btt*a>bte£r*> 5 
So 

i iutksjmuxs t 

7 a- 1 7 eXWJ&3ftT<.'S« 

1 7 *'■< U'OWKftt 

4l«IA;fr*St/'4 S 0 10 

1 7 btt^g«wg*8-cfc»), 

SSfcU 1 7 ad>A/J 

t LT»E<Cll[«iff^lz$flSt *-c < l fc, &*n 
*>|h18|X*S. 

1 7 ctt'J u-iaWT?**3x *•>>*! 7a 0) 15 
yu-l BdJiiiHKfcMift 

+ S-< < Lfcx 

1 7dtt*-*X*VHr y h0g8T*»Jx ii * 
>9\m \ 7^ff>*6»*<-&\ tt 

1 7 a£7 — *•?> H7>$ 20 

Biz 'jtnn^a tz, afcioHsax-* s„ 

1 7 ett««®I8T*>»)x *?>*lnlHn 7^ 
<»£«tm\*)£SE«iLx 1"**£3M8LT*«* 
y* 1 7 a$a>flW3S6Lfc£iWm€ttS'< 

< Ifcx 4i»1<7>lHlJ»T*i. 25 

1 Ott'Ju-x 1 8al«fl)aM, 1 8 bW 

19 livu^K (ftWfctHSl) X*>»?x 2 0 
»* y i/ y -r k i s t aua-r ftftMftiiHmsTft 

£° 50 

2 1ttVH-f K (imstllfi) X*»Jx 2 2 
ttvuy-f K2 1 fc***SttM0>l)li|g]&X* 

*. 

W>.0> 10 — 22 d)«Uctt?(S 1 B)o> «fc -j Kfclft 

snriHittc^WfiJcsnTi'S. 35 

K 1 9. 2 1 t&UHM282 0 , 
22tti286, t 

**>*H ft2 0a, 2 2 aSWtSu^-2 0 

b, 2 2 bW-ifi«*sF(SF.h^ !Ibia«l^2 0 

c, 2 2cU UK 2 0 a. 22a \z&'J\/Ji 40 
K19, 2 1 d)a "j K 1 9 a t 2 1 aA<l«tf 1 9 

b, 2 1 bSttTl'S. *lX&U'<-2 0 b, 

2 2 b<Offe«K«i»7-2 0 d, 2 2da<aMft$ 

ti> ~fiztitz*ti£-timm-r2 0 e, 22 e« 
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teF±K5fc&at*iTfc'5. Sfcfti/y<-2 0 b, 
2 2 b<7)[n]ffii^(yi^l3iDC'T«5»te2 3, 2 4 
CifeifcWXttS «) #<*¥« 2 3 a, 2 4 ale 
.fc'JftJTSftTl.'S. *LT&i/'<-2 0 b, 2 

2 bMU iffilfiTV u J 4 K 1 9, 2 1 Krt»3ftfc 
UtonfilztVBe, 7®£*&& ( m:*»?x fttf 
72 0dt2 0e, 2 2dfc2 2etttifcUHo> 
1*®K*So *fc«Sttttt2 3, 2 4ttx MB* 2 

0 d t 2 0 eRJk 2 2 d t 2 2 elfl]$j£Br¥*r 
t <WT2F*lTt>'5. 

* 1X18*888 13,14 1 

3 b, 1 4bx 'JVJ4 K! 9, 2 1 fcJtPZtl 
itiffiiN‘SllfllM-2 0, 2 2icj:«3, ®f 1 Wrifij 

(A<«j0i|T«f81S 2 ) 
t -t^ffecogjis 3~5 t<7)iaj{c*iC'Tx Rtintin 
«2-3|flK *0>ffe2~4IBJx ©&tt 2 - 5 IfiJ 
t, nitE^w»:wft^qjjjiix4^< ifcw&iyms 
st ixtfWcSFttxi'S. 

3 £ 1w e. 0>£ifi0i|0>ftfn $iL^ So 

*BSfi-4--«§|/f#x$iSiAP 1 aA'»i>*9A-f S 
tx gf#XttfK«Ett<7)lffiSS{2 b-5 b£&r&LT 
28 1 fcaiARJ0>£|6]»ei*s 1 JBifiLx fttlin 1 b 
A'^gFfHJnS. wO)|SK ii8»12 b~5 bo>«fi! 
Jjtwft, Aix ft, &fcHte'rs%wr&tdKtf 
ffltKfcoTi'Sfcftx gf^xtix il»ai2b~5 
b € jjfijB-f *r t izfc JW<J t KJfcgil -t Zltlz 
S. 

■twXl'OSSlCM'OiX'f yf-1 2 SlUttSt, 
<8*E»f13, 14x i,-J:tfvu^K19, 2 1 
JS^ffiiXSo tBtKvn-f K1 9, 2 tma 
*V K 1 9 a, 2 1 attx W4! V \s J 4 Y 19, 2 

1 W<7)if*K»;j^btLX?^ALx i"<-2 0b, 

2 2 b ttx 28 6 , 7 W 2 AXlIRttR S XW 2 0 

c, 2 2 ctfe9ClinftU «8?2 0dtt«J-r2 

Oetv ^/c«)T2 2dtiifflf-2 2eix tile 

ismls n> wmm 20 . 2 2 a t i km t * s. 

C^tSiSijSJJ-2 Od, 2 2d£fcttu/<-2 0 
b, 2 2 bttx «ys*fti2 3. 2 4 (cm 
H&2 3, 2 4$^7M2,*ffll*c7)j:-7te«i2 3 
a. 2 4 ai^^ielV I.JfSetie^S. XSt 
#*K(^2 a~3 afSJx 2 a-4 alJSIliiCf 2 a~ 

s aiHne-tn-t'nitsmiii^m/jujnx «*e »2 

a, 3 a<n«WXSifii<n - ^e©',83»‘<fe}IS. - 
ntil’iUlt, x«<it£W 2 <»il!)ft 2 b^ifl 
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#$<*2 , 3ad> 
♦8tt*SiBd>£fflfc*>fco?fT*>*iS w k\z*x 
<9» ttlA?Ed>£Afc®7u-A/>-x>£j&£* 

5. Ztotub* ifi»82 bd'^SKHiLfc^jyxttro 

2B7 u - A # - f- > £(**» 6 fl'vffiigfcffi Wo 

Tx ll3d>aiS3bfc«tA-fS::ifc*S, 3 
oiimc^#xtt»<7)^^tt x t&m, 4*>{tis 
M'IMfiKiStfT**. 

*lt«18&i 3<7)KB$i»fpB$ifii (»») £& 
ft% «.&1 3b*<lffli:*S*x 71/7-f K19tt 
WMMASfctt’K o7 K 1 9 attv uy<f K 1 
9 Wd>tfto0>^K J: 9£tUU i"<- 2 0 btt$ 

6 , 7 0^«Mi®Kra®) $ tt-CUTO 2 0 
**. Z0)b£tm&2 3 «&*»;: «* 9 IS 6, 7 

»?20d£2 

0 e tO(8]€B«f-tS. J:oT.$ 1IB;:J: *3 
2 Odi: 2 0 efcWlSJjT&SKLTL t-jtl'oZ 

itt’fci.'o 

KKaffililWEfllS- 2 0A<Df)fc4S£x 1® 2 ~ 4 
IBHclHJttlStiroSieSEEtitJx ir&0«x 49 
1(*2 a~4 aWlzi»*(.'TlSt^fTt5ti2>I khz 
*£ho Ifr l l®2~4IBKwttl«3tf 
/rftLTC'*fctf>x WlKi;«tHS.2 - 3 RUfc <± 
j©is3~4Bn^*,M,'Tflifajiim &t mzm 

&t'&91($2 a £ 3 a x is J:If3 a k 4 ad)j35 

tflW-r€>ffi<7)^®jr*DfcoTBtjg^T^>tl x -tn 

* f ti7i'-&i}--r>$J&liL+hZtlz*j:h t > 4 
*>\ W3at4 at^PBT-tix &?&&&&$£ 
0-ffcd>T, Ztl\z£Z>7 \s-Ah-7-> UtEtfc 
BIlTi'SwfcCtffto J:-3Tl®3d>fl}»3 b 
A' ‘biSKiM L tztlf/fz. tt x ^!g^3a-4 aPJlWt 

14d)jfljjJM blc«£A4-S::fc»z4So *LTl 
IS2->'3BIJT l Sl&L )l l*d'-3fctlp/fxd)filti}-tt x g|| 
®3^4IIU-Cl«tx -f*:/{b$*iS. 

&1&1 4<7W«!jfWni]lsa& x (ft 

mas 1 3^iKB$ttm#iai»afMafftX is&i 

4 ba<Dfli4*fcx K2 IttJNfMMjtft 

fc*0x °7 K 2 1 att7U74 K 2 1 

J: *3^easL^ u^-2 2b«3S6, 7015 

i«<4i®»ci!iifti nr ufiiM- 2 2 tmt * *. - d> 
t*lfe*itti2 4tt®fi»r«fc9$e, 70i5«(d>j: 
‘Mcffl'FttBfctt’K *8/ 2 2 d i 2 2 e fcd>|||] 


SiSllf*tS. ioTffilEfc*94fi*2 2dfc2 
2 fcd)|lrttllTl*$4:(.'$3i:tt4(,\ > 
KKgiiailflBig 2 2tfMt%ht* 1*2-5 
IfflfcWJtoSft-a'iifiSlEE/ittK J: 0 
«MH*2 a — 5 arat:*»'V'TttaS^lTt>n5I k 
K*S. l«2-5IS|Kttlli 

3, 4*<#lEl*0'*fctf>x 75l»fcttx 1®2~ 
30 x 3~4ffl x 4^50Kfc(,'TW$0ftx fc 
H€ff|li2'?‘$ftl($2 a ( 3 a« 4 a, 5 ad) 

fc#l(*4 a t 5 atcDlfllTti, JScl&ttfcftlaJ 
■*Sd>-c> wftlri S7 u-a#-t Wifr&jln] 
«fc-3THS4d)j8»|4 b*> 
^Kitiilfcftffxttx 491(4:4 a~5 alffld)*® 
®7u-A*-r>$d.*^rt^«IWoT x i® 
5d)ifiB5 bKiftAt-Sd)^ l«2~3ffflJ5J: 
O f 3~40TRl6L^^r)fcef#xd)ia»tt x 1 
(S4~50TU8 X 4 4- Wb 3*1 5, 
<KfiBd)fcfc9, Hftfxfci&ISlTliefcx ‘XIEtk 
HlK:&£« &lA?Efcd)|gft>£®*&T&(iB: 
LTflP#x«|id)^fiR»*J8i||ici«i x 4*>(t 
L x ®*>T$b*Mr:x ft+ttlgl&SfH. L* 
fcSfffxttx »ffi»(2 b-5 b£jfi»4-*ri:fc 

* d)&Inl< 7 )[uj £ Aiijftfe j tl S OTx ttlATEfcUf 

iS7t m 1 *9 x ffir&lfix -f 

* > it# $ b \z1SiibX fth% Wj-Cib ho 
<-LTl»lSSl 4d)KB$a»m;HU«lia^x 

1 4 a**|Jfli:’5:*fctfeU}Jg 1 5d)tftif*,U{/jicj: ») 
•J u - 1 9**ft»Lx 1 9 aA*BJi:^o-Cx 
•j p - 1 b ttgegftstu -m* 1 8 bum 
t*£<9' 11S1 3*>«ktn 4^d)jffilttBft>5: 

ho 

•tLTtLffifiattl^^x b-td) 

ffed)3?H»rj: 995327 u-A*-r>j)<»t^S 
nrt&l^il:L/w«^ttx ^1391 5d)ttaiO] 
< * h< 7 )Xs ') U - 1 8 ««! 9 f 9 lbMi t % 

ho wd)fc«>x 8ba<0fc*SdvCx Rtf 

ttSS 1 3 is «k If 1 4 mm L x MTttHttC L T 

tstis ^, 4 i% i 

5d)ttajai/j^**7>7®«n nz a tmti* * 
7>7 1 7 att 1 ®gd)*»>> h«fr^-3T43 
•) x tt!($ihffcd>«c!PU*i$»c 2 0LI OijV'sb 
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&18£l90fl£ 4/ S8ftf1:MT/>n» /p> 

1 7att3®0O)^«>>h$f7-5 e *LT3 

fcfcftctt* w®miL «rtU»i 
4 < 4 0 * y U— 1 8 fc*S tztbfe 

^1 8b#<Kfl4:*iJ x -mm 1 4 

4<frfiblTftdli£ l 5tt4tal@0>«i!yftti}£fT 
•jo :ron^'»>§iiii 7KA*t3nSfc 
7tt4lsl x A*>££»t/Cwi:»;:* 
4o :wfcft*'»^natt4@B»A'»h 
*m\ "4 u-®m 1 7ctw 

$*.&<DTy *) P-028 1 7 c tt »J u- 1 6 £ # 
fta&lflgK-tSitifl* y I/ - 1 OK^M-S. L/C 
t&Sl 6 bA<|)fJ£:*y, 

*)<r>T\ 

te©mi?T*>n* <*S. 

*LTX4v*1 2 $Bf»c L /c*> IM®ihS( 
® L > ®W*to!B *tr*oT* Wtf X4"j 
4 - 1 2 2HUZ+ St> ^Islitf 1 7«*0>*f 
-S/+;uy-t*y Hgigi 7d<0f|»©lcJ:*j^ , ;T 
*tt®KttH®LTt'S0>T, EUKCttiT&ntR, 

fiff&ttJBK,* V -f * Wk* tt/cftWEmi, « 
#-ts«*t*s£L> 3®fbfiMffc*y x m® 
*WU &Mlfzb+j:-yXs AMilP l bjJ*£|JftU3 

ns. taeoTWif, ®ftj£#tL-c, mfbft* 
SftiftJf/fx&fflKfcoTW:, $JcL/c3«?fb«i 
Mi* £ *&& L T&gKttflf * t % sat. ® tun 
t bA»«bt)pa5L/:^x$*'ei5t^fn«r» ®&* 
ifxtlx A'dWClkHl? t S. £ tz%M<b&V) 

*<»£ & A-sw^ta-es s. 

1W0>iBJJEa<.t#L, £ELTttWE^2 c^Sc, 
2d^-5 S. SA/cAfIMfci;: ,* 

s^w&i^iiig^Kdb^n, mitxmx»m<bi>i 

fitt’Kffiig 3 n S 3 b K 4 S. 

Am L 2 a - 5 a A&a< A b * S b , 

Wtixn&tni'XIEbn&t&tfmibl. Bt/i 

■f, *®&# > aAt*®tani b^^tfttujns 
L V I* * S «<«® L T L £ -7 n a t, 
Bi?&«®A|||fbftJHfcainSAT\ MtWffo 
K®a3tiTtttiu.i i bj^t/ftusnscitz* 


S. 3 *9 l£ii®f3($2 a "* 5 a >t *y ^ j 

nroftA'?, 0P/fxA»ftftUflA<3^(Eiig3 
tis m*rxiBtmitist,iz%±b%z. 
larfcnifcmjjr*-. &*® t d>nattiooa^ 
5 mm 2 a - 5 a ttx *n*n* Aft {&#»»> 
nSMtai: L* fi&y y*3n/c#l«PJ®ftfc 
L/Co i/:38i2b, 4 

L, *A®Mtl2fciLx &ft3b, 5 bA&jjlJtt 
#r®Wl6«lfcL* *AJ®H6fc£ L/c. 3 6C® 
10 «2->-3ffla)®tttt28w, ®S3^4IR|a>IHBtt 
®fi 4 ~ 5 ®d>l^®tj:12n b L /c» -t L T 
81 }J1® EE 18000V, &fE?8E6000V, tttgigifcSO 
mA, b «.' i MtftT* 

WlfcttWSt, 

15 £&#] 1 

fi6{b*A'1000PPm£ftA/ci£i\,<7)t8£ x Htu 

n i bfrt> A$tu # * * ciet b*® utttu ? n>i- 

A'~o£i 0 

4- n Maatif di ax* xvifctt irm^b, % 

0 ®lft®1rt€^L/ct!b^*t$^r»rrL/c 

to® L /C«fb *£ b %&<»im<r>m : M 
mstitio 

a- 5 a fcSfey , /#-t/4 a x 
UMK(^2 c-5 ciiAtf 2 d~5 d SMNfrftt' 

5 8»’i*SI6»Mi:L/cJ«^tt x ttfk3c®d>®i:-®tt 

nmm 2 

* f - * y tv ij 7 9 > lOOOPPm $ ^ A /c ^ SH<^ 
1» A, UPHs // x tf ic y f - >\, * )v * y 9 > liltfed! 3: 

? n**o/c 0 

^^*»c:®m2 a-5 a«fi^>7+^f, 
ttttE(4:2 c~5 ci>«tC/2 d~5 d 
1^’i.StfeWMi: L/cJJ5£li, 

1 3 

2®fb«tai200PPm$^t»^^otji^ x t)fiM 
//xihc 2m«£Mnftaijn>i/5‘'D/c. 

<c nuplll if x L ^ Tf3/cffi b X '^«gtf5 1 

rt$i5fcffrL/ci!fcttMc£ A-dT^UrL/cliV^ ffi® 

1 l /c 2®fb««r^ ^suo«®(7>r/^®is$n 
/c. 

^tt*Kjra£{*2 a-5aSl:l4/7#^f, 
®W<4:2 c-5 c*iAC/2d~5 di»«{T-’i:i' 
m* S mkttb L /ctft^Vtt, 2«<btt»cnK?i-4 i 
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tttt92%-e**3fc 0 

4 

7>*-7ll.09$«3tr!Sftd>l»£, SftUffx 
4'«w7 tl+ifr^tzo 

*4MtBtfx*lWlfcllMK fi&JSl izT's* 

- 7 1 3 tt 0 >fijK 0 >lBAl««ttL fc. 

***K*0«Utt2 a -5 7=HH\ 

f&tm 2c-5 c*J:tf2d-5d *««*?*<.' 

7>«-7<0Ksi$ 

itV]9596V*>'0tz o 
tt»M 5 

h 'J **>i7 i v300PPta£$tf5£$iV7>J86, 
tffjvxipc h v y f-^7 s vtttft.'i'iSti&a'o 
tzo 

^ 2 a ~ 5 a £ I'-l * 7 * 

ftMfcf*2 c — 5 ca*V 2 d — 5 d 

t l fcm&Mu h •; y f-^7 s >o> 

f$ £*£ lil'j 98 %T *>-o 
*tt«l 6 

«fb*jB2.5%, $$0.5% * 3tf$® 

£ (wd)«^O«f/fX^fitt3.0N7il/HX && 

Lfc^xt|n;ttfifcfb^jR»i^asL 4 * < *oTl' 

**»Hl L tcifzt kXMi' l xntz® t 
m f t zm* l tcfoftM t itiitx'm f l &m 
J ft, fan L fcfikflsAX t % 

S title 

a ~ 5 a$l'_l<fey 7 4-d-f, 

«l«IE{*2 c- 5 cfcitf 2 d-5 
iMcSMMttfc LfclltftU* 

91%V*>’Oti. 

KK-R8, tticirtfftl 

- 7 MdnKtfcfffc 0>fflffij£l€ £ii;J 7 ft. 

&««£<* 2 c~5 c, 2 d ~ 5 d 
it, MIKTMt4:<« i "J 9%Z<nt& 

mttXBtiLZtiXi'Ze *LT#fiM5iOTCtt!Jn 

l mi um t i.<i i mi&v, 2 5 a $ n 

**Httt2 5 (**UB) tfJMWft, Id>«2 5 

35 8 l*l<7> «fc o 

ft 4 - 5 ffl t , %*i 5 t yfflil l 1 b t <7)111 ] t iz x 
*ti4ftifr8t2tlXi'i>o 
m^x'/cmmiz* 9*1 tstiKc^tzmarx 
it, #athi 2 5 OMUEIC J: *) IttfbM Ztllzt 
iz *i £>. * b Z Zflfc 2 5 it, & t .¥5© 
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£*S«ft4-5fHlfc, fgft5 ttJM'.n 1 bko> 

WKttltTi'ftO’e, AMKKJ:ft#MKlftPft*> 

5 x, 

miiwnii . <0 , mtft&tfe 
2-5 it, ft 4 Arab «£*!**<, ®ft2t5 
i:d>2ffire*-3T4»«fc<.'. **:* 8. samite 
«fc*-rCWU mtf^ft4-5IB|d>|Hltti2 5 
10 *fifelTbJ:<, SElS&SirtJfiUPI \>km\0& 
fl.«i 2 5 £ m L T t «fc i '. «:«>«« Wttd>Mi9M 
t mm z nmnmmmziz ttuzttt 
l>*>bA.X*>i>o 

z d>«9ittirifi L t! «fc 6 \Z, «c^£Vi£lfitr#AaF 

IS titi»tfxtt % tfcZZ'A 1Ek0>t%ftklz<kQl£tAi? 
‘m, 4*>1b3tL, ^LTftW*®*i=J:9 
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